BACKGROUND: Although pay-for-performance (P4P) has become a central strategy for improving quality in US healthcare, questions persist about the effectiveness of these programs. A key question is whether quality improvement that occurs as a result of P4P programs is sustainable, particularly if incentives are removed. OBJECTIVE: To investigate sustainability of performance levels following removal of performance-based incentives. DESIGN, SETTING, AND PARTICIPANTS: Observational cohort study that capitalized on a P4P program within the Veterans Health Administration (VA) that included adoption and subsequent removal of performance-based incentives for selected inpatient quality measures. The study sample comprised 128 acute care VA hospitals where performance was assessed between 2004 and 2010. INTERVENTION: VA system managers set annual performance goals in consultation with clinical leaders, and report performance scores to medical centers on a quarterly basis. These scores inform performance-based incentives for facilities and their managers. Bonuses are distributed based on the attainment of these performance goals. MEASUREMENTS: Seven quality of care measures for acute coronary syndrome, heart failure, and pneumonia linked to performance-based incentives. RESULTS: Significant improvements in performance were observed for six of seven quality of care measures following adoption of performance-based incentives and were maintained up to the removal of the incentive; subsequently, the observed performance levels were sustained. LIMITATIONS: This is a quasi-experimental study without a comparison group; causal conclusions are limited. CONCLUSION: The maintenance of performance levels after removal of a performance-based incentive has implications for the implementation of Medicare's value-based purchasing initiative and other P4P programs. Additional research is needed to better understand human and system-level factors that mediate sustainability of performance-based incentives.
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INTRODUCTION
Pay-for-Performance (P4P) has become a central strategy for improving the quality of health care in the US, Canada, and the UK, and such programs have become widely adopted among private and public health insurance programs over the last decade. [1] [2] [3] Of particular note, the Patient Protection and Affordable Care Act (ACA) mandates the adoption of P4P (i.e., value-based purchasing) for hospitals and physicians participating in the Medicare program. Although P4P programs vary markedly in their design, two common features are: 1) defined performance goals for selected quality measures, and 2) associated financial incentives that can be targeted to institutions, individuals or both.
Despite the growing prevalence of P4P programs, numerous questions persist about their effectiveness in improving quality of care, particularly about sustainability once the incentive is removed. While some studies of P4P demonstrate positive improvements in quality of care, 4 other studies report disappointing results, as documented in several reviews of the literature. 5 Moreover, among studies that do indicate improvements in quality measures, almost no attention has been paid to whether such improvements are sustainable over time, 6 especially if the performance goals and incentives are removed.
The sustainability of performance levels is a key consideration, as it may not be desirable or practical to Electronic supplementary material The online version of this article (doi:10.1007/s11606-013-2572-4) contains supplementary material, which is available to authorized users. maintain performance-based incentives indefinitely. For example, removal of performance-based incentives may seem warranted when performance for a measure rises to the upper end of the performance scale (i.e., topped out) (e.g., aspirin in acute myocardial infarction), or is otherwise at a level that is not likely to be exceeded in the current clinical environment. In the design of Medicare's hospital value-based purchasing (VBP) program, considerable debate regarding topped out measures occurred, resulting in a decision to exclude process measures that have attained this status. 7 Another reason for removing performance-based incentives is to expand the reach of a P4P program to a new range of clinical conditions or areas of focus. Performancebased incentives may be routinely removed from some measures for specified time periods and assigned to other measures to limit the total number of performance measures under evaluation at any point in time.
Despite the importance of sustainability for current healthcare policy, there is limited research on the sustainability of performance levels. [8] [9] [10] There has been no research on the removal of incentives for inpatient medicine quality measures such as those included in Medicare's VBP. A multi-year P4P initiative within the Veterans Health Administration (VA) that included adoption and removal of performance-based incentives for selected quality measures provides the opportunity to conduct such research using a quasi-experimental study design. The objective of this study was to evaluate the empirical support for a hypothesis that performance gains realized during a P4P program would decrease after the removal of the performance-based incentives.
METHODS

Setting
The Veterans Health Administration (VA), US Department of Veterans Affairs, is the largest integrated healthcare provider in the US, with more than 8.5 million enrollees in 2012. VA medical centers are organized into regional networks managed by a network director, use a common electronic medical record, and a P4P quality measurement and reporting system. 11 For purposes of P4P, VA's central office sets performance goals in consultation with clinical leaders and reported performance scores to medical centers quarterly. As such, this system-level intervention entailed both public reporting and financial incentives. With respect to public reporting, performance data were available to both clinicians and managers quarterly, and were also included in publicly available annual reports. Performance bonuses were distributed, based on the attainment of performance goals, to both regional network and facility-level senior managers, who, in turn, had discretion to distribute bonus payments to front-line clinicians and other employees. The unit of analysis for the study was the VA medical center (N=128).
Performance Measures
Since 2004, VA has tracked over 30 performance measures relevant to acute coronary syndrome (ACS), heart failure (HF), and pneumonia (PNU). Following The Joint Commission standards, sampling has been conducted for all patients with these three conditions. Performance measures were developed based on published scientific evidence and established clinical guidelines. The performance measurement system for these quality measures is standardized and includes specified data collection protocols (Appendix A; available online). Performance measure guideline adherence is measured through VA's External Peer Review Program, an independent chart review of randomly selected patients who meet specified inclusion and exclusion criteria. Goals for each performance measure are set annually by the VA central office, and incentives are awarded based on achievement of those goals. Performance goals have also been raised for some measures as the mean performance level has risen over time. In addition, for seven of these measures, the performance-based incentives were removed between 2007 and 2009, but continued to be measured and reported for at least a year. Although no explicit criteria existed for the removal of incentives, high performance level was likely a factor. For six of the seven performance measures, mean performance was over 90 % prior to removal of the incentives. We focused on these seven quality measures, and for each indicated the percent of hospitalized patients who satisfied the inclusion/exclusion criteria and received guideline concordant care. 
Acute Coronary Syndrome (ACS)
&
Patient Sample
313,600 VA patient records were peer reviewed between FY2004 and FY2010 across the seven measures. Sample sizes for a single year ranged from 3,588 for HF: ACE-I or ARB in FY2010 to 13,777 for HF: Weight monitoring in FY2009. For each performance measure, the average numbers of patients sampled per facility per quarter are reported in Table 1 .
Statistical Analyses
Quarterly performance data were obtained from FY2004 to FY2010 from VA administrative data. Each measure was a percentage score representing the number of patients meeting the performance criteria divided by the total number of eligible patients. Medical centers served as their own controls in analyses. Missing data were an issue for between four to nine study sites. These sites had more than 50 % missing data, whereas all other sites averaged 1 % missing data. Sensitivity analyses with and without the high missing data sites demonstrated that conclusions would not differ based on the decision to include or exclude sites. The sites with substantial missing data were excluded. For the remaining sites, we imputed missing data using maximum likelihood estimation during analyses. Latent growth models implemented with MPLUS Version 5.2 were used to estimate slopes across years. A piecewise latent growth model was used for each performance measure to estimate an intercept and slopes for each year in the model, accounting for autocorrelations across time periods (Appendix B; available online). A significant slope indicates that the rate of change is significantly different from zero. For example, PNU: Timely Antibiotic was measured from FY2005 to FY2009 so analyses estimate the slopes for each of the 5 years. This model permits evaluation of changes in performance between years where the performance goal changed, years where the performance goal remained constant, and years during which the performance goal was removed. A significant negative slope in the year following incentive removal indicates that performance was not sustained. Power is a concern because the absence of a significant negative slope will be interpreted as sustained performance. Thus, we performed power calculations. Analyses had 86 % power to detect whether the slope was at least −2 % in the year following incentive removal. Table 1 presents the introduction and removal of the performance-based incentives for each performance measure. Only two measures (PNU: Timely Antibiotic and ACS: Diagnostic Catheterization) had a true baseline period where reporting for the measure occurred before the adoption of performance-based incentives. Performance- Percentage scores indicate the performance standard for that year. N/A indicates that the measure was not assessed that year. "Baseline" indicates the measure was collected, but was not incentivized for that year. "None" indicates that the performance-based incentive was removed. N=Average number of patients per hospital per quarter based incentives were removed between 2-4 years following adoption.
RESULTS
Rates of change for each measure are shown by quarter in Fig. 1 for the latent growth models. The three ACS measures are displayed together in Fig. 1a , the two HF measures in Figure 1b , and the two PNU measures in Fig. 1c . Each line represents the overall trend for a single year regarding the rate of change after removal of the performance-based incentives, as indicated by the arrows in Figure 1 .
The overall mean score changes for the period where performance-based incentives were adopted and the period where performance-based incentives were removed are summarized in Table 2 . Prior to the removal of incentives, we found that performance significantly improved for six of the seven measures. The most dramatic improvement occurred with the PNU: Timely Antibiotic measure, where performance improved from 64 % to 82 % in 2 years following the adoption of performance-based incentives. The only measure that did not demonstrate significant improvement was the heart failure: ACE-I measure.
Results did not support the hypothesis that performance decreased after incentives were removed. Six of the seven measures did not demonstrate a significant slope in the year following incentive removal. The seventh measure, weight monitoring, demonstrated a significant positive slope in the year following incentive removal. However, a significant negative slope was observed in the following year and a non-significant slope in the third post-removal year. Given that the design provides adequate power to detect changes in performance, results indicate that performance was sustained for all measures following removal of incentives.
DISCUSSION
In this observational cohort study evaluating P4P over 7 years in 128 VA hospitals, we found evidence of improvement in performance measures following the adoption of performance-based incentives, and that after removal of the incentives, performance neither further improved nor deteriorated. As the US makes a substantial investment in P4P, both financially and intellectually, it is imperative that researchers capitalize on opportunities to learn about the potential effectiveness of such programs on quality of care. Current national policy discussions involve both use of quality measures and choices regarding when to retire measures. Our findings have important implications for Medicare's value-based purchasing program as we focused on the same types of hospital inpatient measures included in the Medicare program.
Our study contributes to a growing literature on P4P for which there is a lack of consistent evidence regarding the effectiveness of such programs. The mixed findings in the literature suggest that the effectiveness of P4P likely depends on contextual factors that researchers have yet to fully explicate with conceptual frameworks and empirical testing. In this vein, the particular implementation of P4P in the VA and the nature of the VA system may have improved the likelihood of performance sustainability. As noted, performance-based incentives in the VA are awarded to facilities and their managers, who decide whether and how to distribute them to clinicians. This type of incentive arrangement is similar to those established by Medicare and private health plans for purposes of contracting with accountable care organizations (ACO). In most such programs, ACOs are also the unit of accountability for performance-based incentives, and ACO senior managers have discretion as to whether and how incentive payments are distributed to front-line clinicians. Limitations to our study include a relatively small number of performance measures for investigation, a brief post-incentive removal period of between 1 and 3 years, and the absence of a comparison group. The current paper indicates that once hospitals achieve a high level of performance, it may be possible to sustain that high performance after incentives are removed. However, this study does not indicate how performance may change if incentives are removed before a high level of performance is reached. Further, the absence of a comparison group limited our ability to isolate the effects of the performancebased incentives from other factors, such as a secular trend or public reporting that may have contributed to changes in the performance measures during the study period. In this vein, some evidence exists indicating that public reporting of performance measures alone can lead to performance improvements in hospitals. [12] [13] [14] [15] Although a study that compared the performance effects of combining financial incentives and public reporting to public reporting alone found that incentives raise performance levels above those obtained from just public reporting, the added increase was quite modest. 16 As such, it is possible that the VA would have experienced similar patterns, though perhaps not at identical levels, of performance improvement and sustainability from reporting the performance of its facilities on the selected measures even without offering performance-based incentives.
Future research, perhaps using mixed methods, should address how incentives are most effectively implemented and how incentives may have unintended positive or negative effects in complex health care delivery systems. 17 In general, sustainability of quality improvements may depend on changes in clinical systems that do not consistently add to the workload of busy clinical staff. However, sustainability may also vary depending on who receives the incentives. Incentives targeted toward physicians may cause them to focus their efforts on patient-level clinical issues related to the performance measures, whereas incentives targeted toward managers may cause them to focus their efforts on system issues. Increased effort by clinical staff may be needed to improve performance initially, but changes in clinical systems may be required for the improvements to be sustainable.
In summary, this study found that performance improvements that occurred in VA medical centers for three common conditions (i.e., ACS, HF, and PNU) were sustained for up to 3 years after performance-based incentives were removed. These sustained improvements may represent adoption of new standards of care that were driven by P4P and, once adopted, the incentive was no longer necessary to maintain a high level of quality. If these findings can be reproduced, they could help guide the adoption and discontinuation of P4P measures. 
